INTRODUCTION
============

Exposure to harmful elements poses unique situations and characteristics for each nation and geographical area, which increases the need to measure physiological variables that reflect the characteristics of the population to make reliable exposure assessment \[[@B1],[@B2]\]. General exposure factors including life expectancy, body weight, body surface area, inhalation rate, intake of drinking water, and soil ingestion are the most essential and most frequently used variables in exposure or risk assessment \[[@B3],[@B4]\]. Life expectancy is an important factor in the evaluation of the lifelong effects of exposure, such as cancer risk. Life expectancy refers to the remaining years of life calculated for an individual at a certain age, which estimates how long a person is expected to live. The life expectancy for a certain year is the statistical life expectancy at birth in the same year. Body weight affects inhalation rate, food intake, and body surface area. Although an exposure may be the same, it can have different effects on individuals of different weights. In general, average daily exposure to contaminants is standardized and based on mean body weights for assessment, and since body weight is an important exposure factor \[[@B5]\].

The body surface areas in contact with contaminants should be obtained to assess exposure through skin absorption. Absorption can occur through the entire body surface in such situations such as swimming and bathing. On the other hand, skin exposure to chemicals may only happen to parts of the body. Both the entire body surface area and body part surface area are thus needed to estimate exposure through skin absorption accurately.

The amount of contaminants absorbed through inhalation are influenced by inhalation rate, therefore, data of standard inhalation rates are essential for the risk assessment of contaminants in the air. Inhalation rate varies according to gender, age, and physiological conditions. It can also vary within the individual depending on the intensity of physical activity. It is a very demanding task to perform first-hand measurements and calculations of average inhalation rates, and estimate inhalation rates for activity levels of the general population. This explains the preference for indirect measurements, such as heart rate and the use of accelerometers instead of inhalation rates \[[@B6],[@B7]\].

The intake of drinking water can be a major exposure path for ingesting contaminants orally. There needs to be information about the consumption of drinking water to assess exposure to toxins through drinking water \[[@B8]\]. There are two definitions of drinking water intake: in the first definition, drinking water is defined as total tap water, whereas the second definition includes total fluid including such liquids as milk, non-alcoholic drinks, liquor, and water content in food materials. Total fluid has the potential for the over-reporting exposure to harmful materials through drinking water. It is common to use total tap water in exposure assessment. Total tap water includes all water used in daily life that is supplied through the water system, including drinking water, beverage, tap water used in dishes, underground water, and town waterworks.

In daily life, people can be exposed to contaminants by ingesting food containing soil particles or by putting a finger with soil on it into the mouth. Soil ingestion is thus another potential path of exposure to contaminants. Children especially, have greater exposure to contaminants through soil ingestion than adults do. Estimating the amount of soil ingested by humans as needed for exposure and risk assessment of contaminants through soil is required \[[@B9],[@B10]\].

The factors related to somatological variables are important elements of risk assessments and the management of harmful substances. This review investigates the general exposure factors including life expectancy, weight, body surface area, inhalation rate, intake of drinking water, and soil ingestion by the Korean population. The review summarizes the processes of making estimations as part of the research underlying the development of the Korean Exposure Factors Handbook in 2007.

DEVELOPMENT PROCESS
===================

Life Expectancy
---------------

The Life Table, an annual publication of the National Statistical Office, was used to calculate recommended levels for life expectancy \[[@B11]\]. The Life Table of Korea was selected because the latest version of it was available in 2005, when research on the Korean Exposure Factors Handbook was in progress. The Life Table offers data on a closed population without immigration and international migration, and is based on the resident registration and death reports from the previous the year.

Body Weight
-----------

The data on body weight and height came from the 5th Body Measurement Project for Korean People that was conducted by the Ministry of Commerce, Industry and Energy \[[@B12]\]. It was conducted at the city and county (gun) level across the nation in 2003 and 2004, directly measuring 16 217 Korean people aged 0 to 90. The present study divided the population into the age groups of 18 to 24 and 25 to 34 for the ease of comparison with foreign data.

Body Surface Area
-----------------

Body surface area was obtained by applying a conversion equation to measure body weight and height data. The findings of Lee et al. \[[@B13]\] were used for the conversion equation and the ratio of the entire body surface area to body-part surface area. Lee et al. \[[@B13]\]\'s research on the body surface areas of male and female adults in Korea was the largest and most recent study on the calculation of body surface area in the nation. It measured the entire body and body-part surface areas of 65 male and female adults (34 males, 31 females) in Korea using the alginate method, and it developed an equation to calculate body surface area based on the results.

The equation to convert body weight and height into the entire body surface area is presented below. The average ratio of body-part surface area in relation to the entire body surface area was 7.6% for the head, 37.4% for the torso, 14.8% for the arms, 4.8% for the hands, 28.9% for the legs, and 6.5% for the feet \[[@B13]\].

Body surface area=73.15×body wieght

0.425

×height

0.725

The equation and ratio were applied to the body weight and height data from the 5th Body Measurement Project to calculate the distribution of values of the entire body and body-part surface area among the participants.

Inhalation Rate
---------------

At the time of the study, there were no data available to calculate the recommended levels for inhalation rate. Thus, the present study performed a direct measurement and data analysis. Inhalation rate was classified into short-term inhalation rate to assess short-term exposure, and long-term inhalation rate to assess long-term exposure in daily life. For the survey of short-term inhalation rate, 193 subjects, aged between 10 and 49 years, were asked to perform an exercise stress session at various levels of intensity in the laboratory to measure their inhalation rate. Exercise stress involved resting, slow walking, fast walking, slow running, and fast running. The inhalation rate was used to obtain a weighted mean, by gender, age, and additionally, short-term inhalation rate (m^3^/h) was produced applying activity levels.

Heartbeats were measured during the experiment of short-term inhalation rate to construct an optimal regression model that predicted inhalation rate from heartbeats, controlling for gender, age, and activity level. The average inhalation rate in daily life, according to the activity types, was obtained by investigating heartbeats and time activity patterns of 188 male and female adults for three days, including a weekday and weekend. The subjects had a heartbeat meter attached to the body, which automatically measured heartbeats every 15 seconds. Activity patterns were recorded every ten minutes. Heartbeats were automatically measured with a heartbeat meter (S610; Polar, Kempele, Finland), which received the electromagnetic waves of electrocardiography.

Real-time heartbeat data were combined with the physical activity types recorded in the physical activity log at each point in time. Timed activity patterns were grouped into 99 categories. The distribution of heartbeats by activity patterns were obtained from the accumulated data of all subjects on each activity. The data were converted into inhalation rate for each activity pattern by inserting the number of heartbeats into the regression equation for average inhalation rate.

The inhalation rate by activity pattern was applied to the data of the Time Use Survey of 2004 of the National Statistical Office \[[@B14]\] to build a inhalation rate database for 32 000 Korean people. The database was statistically analyzed to obtain long-term inhalation rates by gender, age, and activity level of Korean people \[[@B15]\].

Drinking Water Intake
---------------------

Although there are previous studies on the intake of drinking water in Korea, it is difficult to use the findings to estimate recommended values because of their limitations. These studies had extremely small group samples that were not representative of the population, or investigated only some aspects of drinking water. The present study used a sample that was proportional to the gender and age of 16 metropolitan cities and provinces across the nation. The sample was based on the population of autumn 2006 and consisted of subjects aged 20 or older from the online panel developed for polling surveys. The survey took place in May, the month in which the temperature reflects the average annual temperature of Korea and in August to track changes in drinking water intake by temperature. The survey conducted in May had 1092 respondents, while the survey in August had 58.8% of respondents in May and additional respondents for a total of 1148 respondents \[[@B15]\].

One day before the questionnaire was to be completed, the respondents received a document describing the survey. On the survey day, the participants listed the types of drinking water they had on that day, the amount of water, and the time they drank it. When it was common water, they had to state whether they drank it fresh or after boiling it. Pictures of various types of glasses were provided to help participants record the types of glasses they used and the amount of water they drank.

The US considers bottled water a type of beverage and categorizes it as total fluid but not total tap water. This classification reflects the minimal reflection of local environments across its vast territory. Korea, a relatively smaller country, consumes a smaller amount of bottled water imported from other countries. Based on the assumption that bottled water reflects the local environments to a great degree, it is included in the category of total tap water. The statistical values for the intake of only bottled water were also offered, so that researchers could use the data after leaving out the category, intake of bottled water, if necessary \[[@B15]\].

Soil Ingestion
--------------

Soil ingestion is a particularly significant exposure factor for children because their body weight is lower but their intake amount is greater than adults are. This issue is attributable to the harmful behaviors associated with habits of children\'s oral period habit and other causes.

Previous studies had not been performed to estimate soil ingestion in Korea. The present study, therefore, investigated the soil intake of children, and calculated recommended levels based on the results.

A total of 63 children, aged 0 to 7 years, participated in the investigation. The children were from kindergartens at three locations in Seoul and three locations in Gyeonggi, Gangwon, and Chungnam. Excrement samples were collected for 4 consecutive days and the body weight of all children were measured. Indoor and outdoor spaces where children spent the most time were selected at home and the kindergarten, based on the questionnaire and time-activity logs. A quadrant was set to accurately represent each area and collect soil and dirt samples. Of the total number of children, five formed the control group that engaged in no outdoor activities, to compensate for exposure to factors other than soil.

Based on the literature, hosts of tracers were selected to estimate soil intake including aluminum, barium, manganese, silicon, titanium, vanadium, yittrium, and zirconium. They were also used to conduct content analysis in excrement, soil, and dirt samples. We used the limiting tracer method, which considers a tracer of the lowest value in the soil intake to estimate various metals, to assess the smallest influences from the factors other than soil. As a result, soil intakes were calculated with aluminum-based estimations \[[@B10]\].

RECOMMENDED VALUES
==================

In Korea, the average life expectancy of the population was 78.6 years in 2005 and it has been on the rise since that time. The average life expectancy between 1975 (63.82 years) and 2005 (78.63 years) showed an approximately 15-year increase, or about 0.5 years per year. The previous age gap between men and women (of about eight years) began to decrease in the mid-1990s, and the gap was 6.75 years in 2005 ([Supplemental Table 1](#S1){ref-type="supplementary-material"}).

[Table 1](#T1){ref-type="table"} shows the average body weight and percentage distribution of body weight for male and female adults by age. The average body weight of Korean adults was 62.8 kg, with adult males weighing 69.2 kg and adult females, 56.4 kg.

The average total body surface area of the population aged 18 to 74 years was 17 804 cm^2^. The average body-part surface area was 1281 in the head and 6372 in the torso. The total body-surface-area of men was 18 318 on an average, with the surface areas of the head and torso measuring 1374 and 16 833, respectively. The total body surface-area of women was 15 853 on an average, with the head and torso measuring 1237 and 5945, respectively ([Table 2](#T2){ref-type="table"}, [Supplemental Table 2](#S2){ref-type="supplementary-material"}).

[Table 3](#T3){ref-type="table"} shows the recommended levels for the short- and long-term inhalation rates of adults. Men and women reported short-term inhalation rates respectively as follows: 1) 0.48/h and 0.40/h during a break (resting), 2) 1.04/h and 0.79/h during slow walking (light exercise), 3) 1.27/h and 0.94/h during fast walking (medium exercise), 4) 2.08/h and 1.57/h during slow running (heavy exercise), and 5) 2.57/h and 1.97/h during fast running (very heavy exercise). The average long-term inhalation rate was 15.7/d for men and 12.8/d for women, reflecting the life-activity patterns of about 32 000 people.

The average daily intake of drinking water was 1660 mL for men and 1346 mL for women ([Table 4](#T4){ref-type="table"}). The 35 to 44 age-group reported the highest intake (1552 mL), followed by the 45 to 54 age group (1519 mL) and the 25 to 34 age-group (1498 mL). The 65 or older age group reported the lowest intake (1417 mL). The average daily drinking water intake in summer was 1714 mL, overall; 1887 mL for men and 1541 mL for women. The 35 to 44 age groups reported the highest intake (1838 mL), followed by the 45 to 54 age group (1777 mL), and the 25 to 34 age group (1642 mL). The 55 to 64 age group reported the lowest intake (1611 mL). In the regional classification, town (eup) and township (myeon) recorded the highest intake (1777 mL), followed by medium and small towns (1708 mL), and metropolitan cities (1703 mL).

The average intake of tap water was 947.7 mL, Unknown water added to tea or juice was 319.2 mL, bottled water was 169.1 mL, and underground water and mineral water was 66.3 mL \[[@B15]\]. The intake of drinking water increased across the board in the summer compared to spring, except for \"unknown water added to tea or juice\" ([Supplemental Table 3](#S3){ref-type="supplementary-material"}).

[Table 5](#T5){ref-type="table"} presents the average daily soil intake of children in Korea. The mean was 118.3 mg/d, and the geometric mean was 29.3 mg/d. The children in the top 10% were found to have a soil intake of 286.2 mg/d.

CONCLUSION
==========

In 2005, the recorded life expectancy in Korea was 78.6 years (males, 75.1; females, 81.9), which was higher than the expected age of 75.0 years of the US, according to the Environmental Protection Agency (EPA) \[[@B4]\]. The US EPA handbook reports that the country\'s life expectancy has been maintained at 75 since 1982, and issued a recommended value of 75 for the general population. In risk assessment, one sometimes assumes the life expectancy of the general population is 70 instead of 75. In Korea, the average life expectancy of the population has been rapidly rising, which can lead to increased lifelong exposure and the emergence of adverse effects. These aspects should be considered in risk assessment.

The average body weight of Korean adults was 62.8 kg, which was about 9 kg lower than that of American adults (71.8 kg) \[[@B4]\]. Korean men and women reported 69.2 kg and 56.4 kg, respectively, which were higher by 5.6 kg and 3.9 kg than the body weights of Japanese men (63.6 kg) and women (52.5 kg). If the recommended US value is applied to risk assessment and the exposure to contaminants is the same, the risk for Korean or Japanese people may be underestimated \[[@B4],[@B16]\].

Since the development of The Korean Exposure Factors Handbook, the result of the 6th Size Survey (Korean human body measurement survey) reported that the height of males and females reached a plateau in height growth since 2003.

The US EPA reports the body surface area as a median rather than a mean; 1.94 m^2^ for males and 1.69 m^2^ for females \[[@B4],[@B17]\]. Based on these data, US EPA set a recommended value for body surface area in contact with water as 2.0 m^2^. Japanese men and women reported a mean of 1.69 m^2^ and 1.51 m^2^, respectively, which were lower than those of their Korean counterparts were. Their small body surface area can be explained by low body weight and small height \[[@B16]\]. The calculation of body weight and body surface area in the study used data from the Body Measurement Project for Koreans conducted by the Korean Agency for Technology and Standards under the Ministry of Commerce, Industry and Energy. Since they claim their sample was highly representative of population groups, which include the latest updates of raw data, their recommended values based on them also seem to have high reliability \[[@B12]\].

The equation for calculating the body surface area for Korean people is similar to those used internationally, so it should be reliable. In contrast, the body part surface-area estimate, which uses the ratio from the same study, has its limitations because of the absence of other studies to compare and test it, and the shortage of methods to test its reliability \[[@B13]\].

The short-term inhalation rate calculated in the present study is somewhat different from the activity intensity reported in foreign studies, so it is difficult to make direct comparisons. Even though the experimental results used to calculate short-term inhalation rates were not introduced in the study, they clearly show that the average inhalation rate of Korean men during fast running was 3.16 m^3^/h, which is similar to the 3.2/h rate recommended for intense exercise by the US EPA Exposure Factors Handbook \[[@B4]\]. The rates were 0.49/h for men and 0.41/h for women in Korea when they were sitting and taking a rest, and these are similar to 0.4/h recommended resting rates of by the US EPA Exposure Factors Handbook. There seems to be a similar level of inhalation rate for similar activity intensity in the two nations. The long-term inhalation rate recommended for Korean men and women was 15.7/d and 12.8/d, respectively, which were slightly higher than 15.1/d and 11.7/d recommended for American men and women, by EPA \[[@B4]\].

The long-term inhalation rate in the study seems to have high reliability because it was obtained through a direct estimation method that was based on heartbeat measurements and the life activity patterns of a large population sample, unlike the indirect method based on metabolism that was used in the US and Japan \[[@B4],[@B15],[@B16]\].

Since intake of drinking water can vary across seasons, the recommended levels of the study were based on the average daily intake of drinking water in spring, to reflect the average temperature conditions of the nation. The results of the analysis reveal that the average daily intake of drinking water was 1502 mL, 1660 mL for men and 1346 mL for women. The 95th percentile was 3050 mL. In the US, the recommended level for average daily intake of drinking water was 1.4 L \[[@B8]\]. While the intake of drinking water in Korea included bottled water, its American counterparts included water used in cooking instead of bottled water, which highlights methodological differences between the two countries. The present study also measured the intake of drinking water in summer, when intake is expected to rise. As expected, the average daily intake of drinking water increased by approximately 14% to 1714 mL in summer than in spring \[[@B15]\].

Assessment of soil intake is a rare research area worldwide. It is realistically very difficult to measure excrements accurately, and previous studies based on the US EPA Exposure Factors Handbook made assumptions about the actual level instead of making an actual measurement, thus increasing uncertainty \[[@B4]\]. The present study, on the other hand, collected all the excrement samples from the children and measured their dry body weight, thus, strengthening the quality of the assessment. Another strength of the study is its research design that included a control group to control for the absorption of index metals derived from foods and other factors in addition to soil \[[@B15]\].

The study has a limitation in that no long-term investigation was conducted on a large number of subjects due to the inherent characteristics and various physiological uncertainties, but those limitations are common among the previous international studies. The recommended level for the average soil intake of children presented in the study was 118 mg/d, which is 18% higher than 100 mg/d recommended by US EPA \[[@B3],[@B4]\].
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Recommended values and statistics for body weight (kg)

![](jpmph-47-7-i001)

SD, standard deviation.

^1^Arithmetic mean.
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Recommended values and statistics for surface area of whole body (cm^2^)
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SD, standard deviation.

^1^Arithmetic mean.
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Recommended values and statistics for short-term and long-term inhalation rate
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SD, standard deviation.

^1^Arithmetic mean.
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SD, standard deviation.

^1^Arithmetic mean.
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The amount of soil ingestion in a day based on detected concentration of aluminum after adjusting environmental background equivalent (mg/d)
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